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1. Phvsical  ProDerties of CrvoPenic Fluids 

w 
1.0 General Comments 

Personnel  contributing during this period were  D. E. Diller, 

W. J. Hall, H. M. Roder, L. A. Weber, and B. A. Younglove. 

1 .1  P a r  ahydrog en  

1.1.1 Dielectric Constant of Solid Parahydrogen 

The new capacitor cell,  bomb, and electr ical  

c i rcu i t ry  have been installed in the cryostat .  

tinuity, gas leaks,  thermometry,  and behavior of the capacitor ce l l  at 

room temperature  have been completed. 

formance testing with solid hydrogen. 

Checks for  e lectr ical  con- 

The sys tem is ready for  p e r -  

1 . 1 . 2  Refractive Index of Hydrogen 

T e s t  measurements  on normal  hydrogen have been 

resumed at 298.15"K and pressures  to 100 atm. 

precis ion temperature  control a r e  now in use. 

in the Lorentz -Lorenz function has been achieved for  these conditions 

with the resul t  

Sample purification and 

The hoped-for precis ion 

independent of p re s su re  f rom 2 5  to 100 atm. 

on normal  and parahydrogen at 100 "K a r e  planned next. 

Comparative measurements  

1.1. 3 Thermal  Conductivity 

The t e s t  experiments with helium g a s  mentioned in 

Isotherms were  de t e r -  the two preceding repor t s  have been completed. 

mined at 282, 260, 240, 220, 200, 180, 160, 140, 120, 100, 87, 70, 50, 

30, and 20°K.  

extended to as  high as  50 atm. 

Maximum pressure  was 30 a tm on most  isotherms but 

Conductivity values f o r  low p res su re  air f rom 40 to 

110°K in s teps  of 5°K as well a s  14 points along the 100°K iso therm at 

1 



. 
pres su res  up to 5 a tm have also been measured in the system. 

experimental p re s su re  encountered was 15 I-I Hg. 

which conductivity values could be measured without appreciable e r r o r  

was 340 P. 

The lowest 

The lowest p r e s s u r e  at 

Calculations a r e  in progress  to compare the low 

p r e s s u r e  limiting conductivities of helium with kinetic theory and to com-  

pare  the conductivity second v i r ia l  coefficients with Enskog theory. 

These t e s t  experiments have proved to be illuminat- 

ing since the resul ts  have displayed cer ta in  inconsistencies which can  be 

considerably reduced by applying correct ions o r  operating procedures 

based on reasonable assumptions about heat flows and tempera ture  grad i -  

ents in the heavy-walled sample container. Some of the t e s t  runs were  

conducted with appreciable amounts of convection in the total  heat flow. 

W e  now have enough knowledge to precompute those values of tempera ture  

gradient and plate spacing which will limit the contribution of convection 

to 1% o r  less .  

useful in carrying out the measurements  on hydrogen. 

This insight into the behavior of the apparatus will be 

The above tes t s  with helium and air were  c a r r i e d  out 

with NBS funds. 

to assignment of Hans M. Roder to direction of the Compilation Unit of the 

Cryogenic Data Center.  

This experiment now becomes temporar i ly  inactive due 

1.1.4 TAB Code 

The final codes for hydrogen propert ies ,  which 

a r e  l isted here ,  a r e  specific heat and sound velocity furnished as functions 

of p re s su re  and enthalpy. When the p re s su re ,  P, is entered in ps i a ,  and 

the enthalpy, H, in BTU/lb., sound velocity is re turned  f r o m  the codes in 

ft. / sec . ,  and specific heats  in BTU/lb. -OR. 

The values of specific heat  and sound velocity were  

recalculated as described in P r o g r e s s  Report  #22, June 30, 1966. 

the t r iple  point to 400 BTU/lb. ,  the values given for  specific heat and 

sound velocity are taken f rom NBS Monograph 94. 

F r o m  

Requests fo r  values 

2 
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. 

below the solid line r e tu rn  the value at the solid line. 

the liquid-vapor dome re tu rn  (1) a fictitious sound velocity consisting of 

an average of the liquid and vapor boundary values weighted according to 

the proportions of the two phases present,  ( 2 )  a s imi la r ly  fictitious 

specific heat at constant volume, C , ( 3 )  a specific heat at constant p re s su re ,  

C-, o r  specific heat ra t io  which is  the la rges t  number available in the 

Requests inside 

V 

- 

30 7 P 
computer (- 1. x 10 ). 

F r o m  400 to  2 ,000  BTU/lb., the values were  cal- 

culated using the modified Benedict -Webb-Rubin equation f r o m  NBS 

Technical Note 130. F r o m  2 ,000  to 20 ,000  BTU/lb., the equation of 

s ta te  of Woolley, Scott, and Brickwedde:; was used. Requests above 

20,000 re turn  the value at 20 ,000  BTU/lb. 

of the code (1 to  5,000 psia)  

f r o m  the last available values inside the range. 

P r e s s u r e s  outside the range 

return values which have been extrapolated 

The e r r o r  in sound velocity is l e s s  than 1% f rom the 

values given by the references,  but the references m a y  be in e r r o r  by 1% 

to 2% in some ranges.  The e r r o r  in C C and their  ra t io  is 1% except 

for  two regions: In the region of dissociation ( f rom 9, 200 to  20, 000 

BTU/lb. ) the e r r o r  may  be as high a s  570. 
-45 to 75 BTU/lb. ,  150 to 300 psia, the e r r o r  is about 570, and very nea r  

c r i t i ca l  may  be much l a r g e r  than that because of uncertainty in the r e f e r -  

ence data. 

p’ v, 

In the region near  cr i t ical ,  

(See discussion of e r rors  in Monograph 94. ) 

The programs PHCP, PHCV, and PHGAMM a r e  in 

one For t r an  function with three  entry points. The For t r an  statement: 

CP = PHCP(P,I-I) 

where P is p re s su re  in ps ia  and H i s  enthalpy in BTU/lb., will cause 

the specific heat  at constant pressure  corresponding to P and H, to be 

*H. W. Woolley, R. B. Scott, and F. G. Brickwedde, J. Research  

NBS - 41, 397 (1948); RP  193.2. 



stored in location CP. Similarly;  

CV = PHCV(P,H) 

re turns  the specific heat at constant volume to location CV; 

RATIO = PHGAMM(P,H) 

re turns  the specific heat  ra t io  to computer location RATIO; and 

SOUND = PHSOUN(P,H) 

re turns  the velocity of sound to location SOUND. 

The program listings a r e  as follows: 

4 



0 

J 



B1543o~1658.~1773o~1155o~ll66o,l232.~l293.~l~84o,l477.~l57oo~l663~~ 
C ~ ~ ~ ~ ~ ~ ~ 2 9 ~ 0 ~ 1 3 1 1 o ~ 1 3 5 0 ~ ~ ~ ~ ~ ? ~ ~ 1 4 6 8 . ~ 1 ~ 4 ~ 0 ~ 1 6 ~ 2 ~ ~ ~ 6 ~ ~ ~ ~ 1 7 7 6 ~ )  

P=PRFS 
t:=ENTH 
I F ( H . L T o 4 0 0 o )  GO TO 6 
I F ( H . L T ~ 5 0 0 0 o ) G O  TO 4 
I f ( H 0 G E ~ 2 0 0 0 0 o )  ti119999099999 
I F ( P o G E ~ ~ O O . )  GO TO 2 
I F ( P o G E o 1 0 o )  GO TO 1 
N = 1  
GO TO 33 

1 N-2 
GO TO 33 

N 3 3  
GO TO 33 

3 N-4 
GO TO 33 

N=5 
GO TO 33 

5 N=6 
GO TO 33 

2 IF(P.GE.1000,) GO TO 3 

4 I F ( H o L T o 6 0 0 . )  GO TO 5 

6 IF(PoLT.2000.)  GO TO 7 
N=7 
GO TO 30 

7 IF(HoLT.100.)  GO TO 9 
IF(PoGE.500o)  GO TO 8 
N=8 
GO TO 33 

8 N=9 
GO TO 33 

9 IF(PoLT.400.)  GO TO 11 
I F ( P o L T o 1 0 0 0 . )  GO TO 10 
N-10 
GO TO 3 0  

10 N = 1 1  
GO TO 30 

11 IF(HoGE.0.) GO TO 12 
N=12 

GO TO 2 0  

N=13 
GO TO 2 0  

13 N-14 

IF(H0LT.-13207285+P*Oo08224) GO TO 3 0  

12 IF(HoGE.20o) GO TO 13 

20 I F ( P o G T . 1 8 7 0 5 0 6 )  GO TO 33 
DO 21 I o 2 t 1 9  
I F ( P-R ( I ) 22 9 2 2 9 2 1 

2 1  CONTINUE 
2 2  F-(P-R(I-l))/(R(I)-R(I-l)) 

CHL=HL(I-~)+(HL(I)-HL(I-~))*F 
CHV=HV(I-l)+(HV(I)-HV(I-l))*F 
IF(HOLT~CHLOOR.H.GTOCHV) GO TO 33 

6 



i c 

SVL~VL(I-l)+(VL(I)-VL(I-l))*F 
SVGtVG(I-l)+(VG(II-VG~I-l)~*F 
F=(H-CHL)/(CHV-CHL) 
PHSOUN=SVL+(SVC-SVL)*F 
RETURN 

I =PR 
If(I.CT.8) 1 ~ 8  
FzPR-I 
FPS1 o-F 
C=FP+HSf 1+1 ) Y * H S (  I+2 1 

30 PR=P/587084 

I F  (H.tT .G)H=C 
33 FP=(P-BPtN) ) /DP(# )  

I P=FP 
IF ( IPoCToMX(N) )  IPxMXtN) 
FzFP-IP 
F P n l  o-F 
FH=lH-BH(N))/DtiCN) 
IH=FH 
FFtFH- IH 
FHXl o-FF 
I=IH*JP(N)+IP+LOC(N) 
J = l + J P ( N )  
P H S O U N = F P * F H * V ( I ) + F * F H * V ~ I + ~ ~ + F P * F F * V ~ J ~ + F * F F * V ~ J + ~ ~  
RETURN 
END 

7 
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c 

c 

r 

4 1 ~ 6 4 5 ~ 1 ~ 6 ~ 8 ~ ~ ~ 6 1 ~ ~ 1 o ~ O 4 ~ l ~ ~ ~ 5 , O m O O O ~ 2 o l 7 2 ~ 2 o O 2 4 ~ l o 8 7 6 ~ l m ~ 6 8 ~ ~ ~ 7 O l ~  
5 1 m 6 5 5 ~ 1 o 6 ~ 8 ~ ~ o 6 2 5 ~ 0 ~ O ~ 2 o 3 3 6 ~ 2 m l 2 ~ ~ l o 9 4 2 ~ l o 8 l ~ ~ l m ~ 3 2 ~ l o 6 9 2 ~ l o 6 6 6 ~ O ~  
6 0 o 0 0 0 ~ 2 o 4 4 2 ~ 2 o 2 4 4 ~ 2 o O 6 5 ~ l o 8 ~ B r l . 7 9 l ~ l o 7 4 5 ~ l o 7 O 9 ~ O o O O O ~ O o O O O ~ Z o 3 5 6 ~  
7 2 o 2 3 4 ~ 2 ~ O ~ 3 ~ ~ o 9 4 3 ~ 1 m 8 3 O ~ l o 7 7 3 ~ l m 7 3 2 ~ O m O O O ~ 2 o 5 O 6 ~ 2 m 2 2 7 ~ 2 m l 4 4 ~ 2 o O 4 3 ~  
8 1 o ~ 2 ~ * ~ ~ 8 ~ 6 ~ ~ ~ ~ 9 3 ~ 1 ~ 7 4 3 ~ 2 0 1 ~ 0 ~ 2 ~ 3 7 2 ~ 2 o 0 9 3 ~ 2 o 0 3 7 ~ 1 e 9 5 9 ~ 1 ~ 8 8 7 ~ 1 0 8 2 8 ~  
~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ r ~ m 8 ~ ~ ~ ~ ~ 9 7 7 ~ 2 ~ O O 6 ~ l m 9 3 7 ~ l o 8 7 l ~ l o 8 3 3 ~ l o 7 9 2 ~ l o 7 6 4 ~ l o ~ 4 3 ~  

DATA(VERYBIG=37777777777777776)  
K T R =  1 
GO TO 1 
ENTRY PHCV 
KTR=2 
GO TO 1 
ENTRY PHGAMM 
KTR=3 

1 P=PRES 
H=ENTH 
IF(H.LT.200.) GO TO 9 
IFlHoLTo92000) GO TO 5 
IF(HoGEo20000o) H=19999099999 
IF(POLT.~OOO) GO TO 3 
IF(PoLTo10000) GO TO 2 
N=l 
GO TO 33 

2 N=2 
GO TO 33 

N=3 
GO TO 33 

4 N=4 
GO TO 33 

3 IF(PoLTo30o) GO T O  4 

5 IF(HoLT~10000) GO TO 7 
IF(HoLTo26000) GO TO 6 
N=5 
GO TO 33 

6 N = 6  
GO TO 33 

N=7 
GO TO 33 

8 N=8 
GO TO 33 

7 1F(PoGE.lOOOo) GO TO 8 

9 IF(PmLTo600o) GO TO 13 
IF(PmLTo20000) GO TO 11 
IF(HoLTo80o) GO TO 10 
N=9 
GO TO 33 

GO TO 30 
10 N=10 

11 IF(PoLTm100Uo) GO T O  12 
N=ll 

12 N=12 
GO TO 30 

GO TO 30 
13 IF(HoGE0-450) GO TO 14 

9 



N=13 

GO TO 20 

N=  14 
GO TO 33 

N=15 
GO TO 33 

IF(HoLT.-132~7285+P*O~O8224) GO TO 30 

14 IF(HoLTo120.) GO TO 15 

15 1F(PoLT1300.) GO TO 16 

16 IF(HoLTo60o) GO TO 17 
N =  16 

17 N=17 
GO TO 20 

20 IF(P.GT.1870506) GO TO 33 
DO 21 In2919 
IF(P-R(1))22922r21 

21 C O N T I N l J E  
22 F=(P-R(I-l)I/(R(I)-R(I-l)) 

CHL=HL(I-l)+(HL(I)-HL(I-l))*F 

IF(HoLToCHL.ORoHoGToCHV) GO TO 33 
IF(KTR.EQ.2) GO TO 23 

CHV=HV(I-~)+(HV(I)-HV(I-~))*F. 

PHC P =v E RY B I G 
RETURN 

CG=CVV(I-l)+(CVV(I)-CVV(I-l))*F 
PHCP=CL+(CG-CL)*(H-CHL)/(CHV-CHL) 
RETURN 

I =F 

23 C L = C V L ( I - ~ ) + ( C V L ( I ) - C V L ( I - ~ ) ) + F  

30 F=P/587.84 

IF(IoGT.8) I=8 ' 
F=F- I 
V=(loO-F)*HS( I+l)+F*HS(I+Z) 
IF(H.LT.V) H = V  

33 FP=IP-BP(N))/DP(N) 
I P=FP 
IF(IPoGToMX(N)) I P = M X ( N )  
F=FP-I P 

FH=(H-BH(N) )/DH(N) 
I H = f  H 
FF-FH-IH 
FH=l o-FF 
I=IH*JP(N)+IP+LOC(N) 
J= I+ JP ( N ) 

FP=1 o-F 

IF(KTRoEQ.2) GO TO 35 
H C P ~ F P * F H * C P ( I ) + F ~ F H * C P ( I + ~ ) + F P * ~ F * C P ( J ) + F * F F * C P ( ~ + ~ )  
IF(NoLT.13) GO TO 34 

H C P ~ H C ~ / ( 1 8 2 4 ~ ~ 4 6 9 4 2 / R - 4 ~ 5 6 9 ~ 6 3 5 ~ 2 / R / R / R ~ 6 5 o ~ 1 5 5 3 3 1 4 + o 0 ~ 1 1 0 6 4 ~ ~ ~ ~ *  
R=H+500. 

lR -2 .644991367E-8*R*R*R)  
34 IF(KTRoGE.2) GO T O  35 

PHCP=HCP 
RETURN 

. 
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This completes the set of 16 TAB codes as originally 

outlined in the 16th and 17th Quarterly Reports. A r epor t  will be writ ten 

in  which background information and the complete s e t  of program list ings 

will be assembled. 

be included. 

1 .2  Oxygen 

Auxiliary codes for  saturation propert ies  may  also 

1.2.1 P -V -T Relationship of Oxygen 

Data taking is completed except for  a few supple- 

mentary  points in the cr i t ical  region and a few points to determine the 

nature  of the isochore -vapor p re s su re  curve intersection. 

Extent of data: 56°K - 300°K in liquid and com-  

p res sed  fluid; p re s su res  to -330 atm; melting curve determined up to 

160 a tm;  low density gas data  f r o m  85°K - 300°K; total  data  points = 1480. 

The t a sk  of smoothing and interpolating the data  

is next. 
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2. Cryogenic Metrology (Instrumentation) 

2.0 General Comments 

Personnel  contributing to the activities during this period were: 

S .  B. Lang, J. W. Dean, T.  M. Flynn, R. J. Richards,  L. Rice,  and 

W. McCracken. 

2.1 Temperature  

2.1.1 Sample Holder Modification 

The sample holder descr ibed in the 2Znd P r o g r e s s  

Report was tested extensively during the last three-month period. It 

was found that poor thermal  contact between the thermometer  and the 

pyroelectric sample was causing a considerable e r r o r  in the measured  

pyroelectric coefficient. Subsequently, a modification was made  in which 

the filament-wound platinum resis tance thermometer  was replaced with a 

ve ry  small, thin platinum-film thermometer .  

cemented to the surface of the ground electrode of the sample holder and 

was then covered with a conducting s i lver  paint. 

became an integral  p a r t  of the electrode and was also brought into d i rec t  

physical contact with the sample. 

accuracy of the data considerably. 

This thermometer  was 

Thus the thermometer  

This modification has  increased the 

2.1.2 Pyroe lec t r ic  The rmome  t r y  Studi e s 

Tes t s  were  made to determine the effect of la rge  

electr ic  fields on the pyroelectric coefficients of the ce ramic  mater ia l s .  

Because the ceramics  a r e  multi-domain polarized mater ia l s ,  it might be 

expected that an intense electr ic  field could a l te r  the state of polarization. 

Table I gives the relative changes in value of the pyroelectr ic  

coefficients af ter  subjection to the field. 

the following data would have tended to depolarize the sample.  

The fields used in measuring 
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Table I 

Change in pyroelectric coefficient due to a depolarizing field (300 OK) 

Effect on Pyroelec - 
t r i c  Coefficient Mater  i a1 Field 

Clevite Ceramic  B 

Clevite Ceramic  B 

Clevite P Z T  -4 9400 v / c m  f o r  15 minutes No effect 

Clevite P Z T  -5A 9400 v / c m  for 15 minutes No effect 

9400 v / c m  f o r  15 minutes 

9400 v / c m  f o r  24 hours 

Reduced by 400% 

Reversed in sign 

No effect was observed on the P Z T - 4  and PZT-SA because of their  very  

high Cur ie  points. 

was strongly affected. 

samples  improved the reproducibility of the pyroelectric data  on a l l  t h ree  

mater ia l s .  

pyroelectric thermometer  just  before use  to improve its stability. 

However, the Ceramic By with its Cur ie  point of 115"C, 

In contrast ,  fields in a direction to polarize the 

Thus, it appears that it may  be necessary  to polarize a 

2 .1 .3  Pyroe lec t r ic  Effect in Single Crys ta l s  

A number of pyroelectric single c rys ta l s ,  including 

both fe r roe lec t r ic  and non-ferroelectric mater ia l s ,  were  obtained f rom 

various purveyors.  

tion of the polar axis in each sample and to determine i f  each sample 

contained only a single domain. 

means  of back-reflection Laue X-ray  diffraction patterns:  tourmaline, 

si l icon carbide,  and cadmium selenide. The following crys ta l s  were  

or iented optically with a polarizing microscope using the techniques of 

Inc ating extinrti nn s and obs erving interference figures : bar ium titanate, 

tr iglycine sulfate(TGS), potassium t a r t r a t e ,  guanidinium aluminum 

sulfate hexahydrate(GASH), cadmium sulfide, zinc sulfide, lithium sulfate. 

It was necessary either to verify or  to find the d i r ec -  

The following mater ia l s  were  oriented by 

Pyroe lec t r ic  data has now been obtained between 77 

and 300°K on cadmium sulfide, zinc sulfide, lithium sulfate, tourmaline, 

and GASH. 

15 



2.2  P r e s  s u r e  

2.2.1 P i e z o r  e sis tance Effect in Mate rials 

Severa l  tests have been made on the new sample  of 

The or iginal  sample was 0,050 inches in d iameter  by 1 foot ytterbium. 

long with a resistance of 0.0816 ohms. 

0.027 inches d iameter  and 34 inches long giving a res i s tance  of 0.830 

ohms.  Fur the r  swaging caused breaking due to work hardening of the 

sample.  

installed in the probe. 

as a function of tempera ture  are given in  table 11. 

This  sample was swaged down to 

Anew copper sample holder was made fo r  the 34-inch wi re  and 

Results obtained on the two samples  for  res is t ivi ty  

Table I1 

Re si s tivi ty of Y tt e r bium W i r e  

0.050" Diameter  0.027" Diameter  

Temp. "K P ohm in. Temp "K p ohm in. 

300 1. 336 x 10 300 1. 3616 x 

76 0.815 76 0.7889 x 

20 0.485 x 20 0.4805 x 

-5  

The remaining tests w e r e  made on the 0.027-in. 

d iameter  sample. The p r e s s u r e  coefficient as a function of tempera ture ,  
- - -  A R  - f(T),  was determined to be: 
R h P  

300°K -0.46 x l / p s i  

76°K -0.9 x l / p s i  

20°K -1.2 x l / p s i  

The graph of f igure 1 shows a comparison of the r e s i s t ance  change as a 

function of p re s su re  for  the yt terbium sample  and a 1000-ohm 1/4-wat t  

carbon compos ition r e s i s to r .  

The  repeatabil i ty of the r e s i s t ance  of the w i r e  to nine 

tempera ture  cycles from room tempera ture  to liquid hydrogen t empera tu re  

was determined. The total  change in resistance at the liquid hydrogen 
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t empera ture  for  the nine cycles was 0.0004 ohms. The average resistance 

at LH was  0.2717 ohms. 
2 

The  p r e s s u r e  repeatabi l i ty  was determined by six 

cycles from 0 t o  500 ps i  at liquid hydrogen temperature .  

change in  resistance at 0 p s i  was 0.0001 o h m s  and was 0.0002 ohms at 

500 psi.  The average res i s tances  w e r e  measu red  with a Mueller G2 

Bridge with a limit of e r r o r  of +0.0002 ohms using a 4-lead system. 

The total  

18 
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3. Consultation and Advisorv Services  

3.0 General Comments 

Consultation and advisory serv ices  in the general  field of c ryo-  

genic engineering have continued in severa l  NASA program areas :  

Centaur (funded separately),  Rover, and NERVA. 

3.1 Centaur P r o g r a m  - Robert W. Arnett 

Frequent contact with NASA-Lewis Research  Center  personnel 

A t r ip  to General Dynamics/Convair, v ia  telephone has  been continued. 

San Diego was made at the end of this reporting period. 

3.1.1 Stratification and Pressur iza t ion  

Manual calculations for check-out purposes a r e  con- 

tinuing. 

of check points to date. 

l ayer  functions has  been discovered and efforts a r e  underway to take c a r e  

of this problem. 

Certain program revisions have been accomplished as a resul t  

Unexpected behavior of some of the boundary 

3.1.2 Flight Data Analysis 

Reduction of tape data to graphical fo rm has  been 

delayed due to la te  a r r iva l  of down-range tapes.  

data  tapes  f rom the upcoming AC -9 flight i s  being completed. 

3.2 Rover P r o g r a m  - Alan F. Schmidt 

Prepara t ion  for  handling 

Information required to resolve severa l  insulation and valve 

problems at the Nuclear Rocket Development Station was t ransmit ted to 

the CMF-9 group at Los Alamos. 

3.3 NERVA P r o g r a m  - Alan F. Schmidt 

A meeting with personnel f rom General Dynamics, Aerujet- 

General ,  and Westinghouse Astronuclear was attended in F o r t  Worth, 

Texas on July 6 for  the purpose of (1)  reviewing problems and status of 

the the rma l  conductivity and para- to  -ortho hydrogen conversion programs 

at the Nuclear Aerospace Reactor Facility, and ( 2 )  making recommenda- 

tions involving design improvements for future tes ts .  A n  outline 

19 



memorandum covering these discussions and subsequent recommendations 

was prepared for submission to  the Space Nuclear Propulsion Office- 

Cleveland. 

provided SNPO by NBS. 

Informal telephone and le t te r  repor t s  on the subject also were  

At various t imes  throughout the quarter ,  information was fu r -  

nished SNPO -Cleveland, and -Germantown, on the topics: phase - 
equilibrium in the hydrogen -methane system; electrolytic hydrogen mois - 
t u re  monitors;  and cryogenic helium pressur ized  s torage for  space flight 

application. 

The NBS-Cryogenics Division scope of r e s e a r c h  activity for  the 

next NASA R-45 contract year  also was defined during this period. 

. 
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4. Cryogenic Flow P r o c e s s e s  

4.0 Gener a1 Comments 

Personnel  contributing to the project during the present  reporting 

period were  J. A. Brennan, W. G. Steward, and E. G. Brentari .  

4.1 Analytic a1 

The cooldown computer program described in P r o g r e s s  Report  

#20 has  run long enough to produce very reasonable resu l t s  for  one surge.  

Some of the problems which have been encountered a r e  as follows: 

1 )  

result ing f rom slightly erroneous trial values of inlet flow rate. 

Means had to be devised to detect e r r o r s  such a s  negative abso- 

lute p re s su res ,  etc. and remedy them immediately since they 

would cause the computation to  blow up before the normal  e r r o r  

detection and correction routines could be reached. 

2)  

temperature  into the energy equation of gas elements was 

necessary.  

the wall temperature .  

the wall temperature  a r e  not impossible, however, when rapid 

pressurization occurs.  ) This feedback proved to be m o r e  diffi- 

cult than anticipated but was finally accomplished. 

3 )  

necessary ;  therefore,  W.  J. Hall 's TABCODE for these proper - 
ties as a function of pressure  and temperature  was installed. 

4) 

eventually became excessively long by the time they reached the 

w a r m  gas stage. This required subdividing these segments and 

interpolating to get the conditions at the mid points. 

t reatment  was necessary  for  segments which made the transit ion 

f rom two phase to gas. 

Difficulty in handling "wild" p re s su res  and velocities 

It became apparent that a feedback of final computed 

Otherwise gas temperatures  sometimes exceeded 

(Gas temperatures  momentarily exceeding 

A more  accurate density and specific heat became 

Fluid segments which s ta r ted  at very  small s ize  

Special 
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5) After a la rge  number of segments entered the pipe, 

the downstream conditions become hypersensit ive to inlet flow 

rate.  

not low enough to  bring convergence. 

this hypersensitivity were  t r ied  with only par t ia l  success .  

present a r a the r  extensive revision in the flow correct ion scheme 

i s  being perfected. It shows promise of overcoming the problem. 

A tolerance as low as 0.001 percent on inlet flow ra t e  was 

Several  methods of handling 

At 

4.2 Experimental 

Experimental work continued this p e r i d  with subcooied iiquid 

nitrogen tests.  

lengths 

lengths tested were  200 f t . ,  150 f t . ,  82 f t . ,  and 25 f t .  

Cooldown experiments were  run with four different line 

Line and four line end restr ic t ions at  th ree  driving p res su res .  

The end restr ic t ions were  simple,  thick-plate orifices:O. 438 in. ,  

0. 337 in . ,  and 0.249 in. diameter  and 0. 122 in. thick with no relief.  In 

addition to tes t s  with these end restr ic t ions,  s imi la r  tests were  also run  

with no end restriction. 

Since testing was just  completed at  the end of this reporting 

period, resul ts  w i l l  be included in the next p rogres s  report .  

. 
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5. Liquid-Solid Hydrogen Studies 

5.0 General Comments 

Personnel  contributing to the project during the present  reporting 

period were: D. E. Daney, D. B. Mann, and D. B. Chelton. 

5.1 Pro jec t  Objectives - Task  3 

The objectives of the program remain unchanged. They have been 

presented previously in section 5.1 of NBS Report  9248, Twenty-Second 

P r o g r e s s  Report  to  National Aeronautics and Space Administration on 

Cryogenic Research  and Development fc?r P e r i d  Ending 5ur1e 3 0 ,  i966. 

5.2 Pro jec t  Status 

The construction of the apparatus has  been completed to the point 

that preliminary runs with liquid nitrogen are being made. 

assembly, together with its associated piping and control panel, is 

finished. 

detector and found to be leak f ree .  

be provided in the apparatus, one for  automatic slush production by the 

freeze-thaw process ,  and one to synchronize the c a m e r a  shutter with the 

thermal  radiation shield shut ters .  The innermost  dewar,  which has  a 

s ta inless  steel-to-Pyrex joint near  its top, has  been successfully tes ted 

under pressure  at liquid nitrogen temperatures .  

The dewar 

The sys tem has  been checked with a m a s  spectrometer  leak 

Two electrically-actuated timers will 

In o r d e r  to check for optical distortion in the t ransparent  portion 

of the dewars,  photographs were taken of a grid placed in the innermost  

dewar. 

mate  the conditions under which the photographic studies of hydrogen 

slush will be made. 

All the dewars were  filled with liquid nitrogen in o rde r  to approxi- 

No significant distortion was observed. 

At present,  the dewar sys t em is being reassembled following the 

replacement of the tes t  grid by a movable platform which will hold the 

solid hydrogen particles in position for photography. 

More liquid nitrogen runs a r e  planned in the immediate future. 

As soon as  the sys tem is thoroughly checked out and the photographic 
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techniques a r e  perfected, liquid hydrogen runs will be started.  

5.3 Future  Plans 

Current  funding of this project by SNPO will terminate  November 

1, 1966. 

from the NASA-MSFC on Slush Hydrogen Fluid Characterization and 

Instrumentation Analysis. 

The project will be continued without interruption by funding 

I 
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6. Thermal  Conductivity of Solids 

6 .0  General Comments 

Personnel  contributing during this reporting period were  D. H. 

Weitzel, R. L. Powell, and L. L. Sparks. In addition, J. G. Hust has 

begun to phase into the program in order  to assume project l eader  respon-  

sibility when data  acquisition begins. 

6. 1 P r o g r a m  Status 

The mechanical sys tem consisting of cryostat ,  pumps, and trans- 

f e r  line has  been assembled,and the cryostat  cooled three  t imes to liquid 

helium temperature .  There  were  no mechanical failures and no leaks in 

the vacuum system. 

The instrument panel rack is  complete, with a.11 wiring f rom the 

te rmina l  box to the instruments and switches as well as wiring between 

instruments and switches, complete and double checked. A detailed wiring 

d iagram of this par t  of the sys tem is complete. 

A sys tem for  calibration of platinum resis tance thermometers  in 

the liquid nitrogen, liquid hydrogen, and liquid helium ranges has  been 

assembled and tested. It wi l l  be used to calibrate a P R T  for the thermo-  

couple re ference  block in our apparatus. A calibrated germanium r e s i s  - 
tance thermometer  for double checking the w a r m  end of the the rma l  con- 

ductivity samples is on hand. 

has  been calibrated and checked for homogeneity. 

f o r  the copper lead-out wire and will be done for the gold-iron thermocouple 

wire.  

The chrome1 wire  for our thermocouples 

This has also been done 

The internai fine wi-ring ul' the sar;?i;?c E,c?der, t emper ing  system, 

and two temperature  control systems (floating sink and tempering shel l )  

is about 50 percent complete. 

the e lec t r ica l  sys tem and beginning of data acquisition during the next 

reporting period. 

writ ing of necessary  computer programs is in progress .  

We should be ready for final checking of 

Mathematical work on data  reduction methods and 
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